Abstract     In this paper, we have formulated the problem of non-response in multivariate stratified sample surveys as a Multi-Objective Geometric Programming problem (MOGPP). The fuzzy programming approach has described for solving the formulated MOGPP. The formulated MOGPP has been solved and the solution is obtained. The obtained solution is the dual solution corresponding to the multi-objective multivariate stratified sample surveys in presence of non-response. Afterward with the help of dual solution of formulated MOGPP and primal-dual relationship theorem the optimum allocation of sample sizes of respondents and non respondents are obtained. A numerical example is given to illustrate the procedure.
INTRODUCTION
In stratified sampling heterogeneous population is converted into a homogeneous population by dividing it into homogeneous stratum. The maximum precision will be obtained with the best choices of the sample sizes. The problem of optimum allocation in stratified random sampling for univariate population is well known in sampling literature; see for example Cochran (1977) and Sukhatme et al. (1984) . In multivariate stratified sample survey the problem of non-response can appear when the required data are not obtained. The problem of non-response may occur due to the refusal by respondents or they are not at home making the information of sample inaccessible. The problem of non-response occurs in almost all surveys. The extent of non-response depends on various factors such as type of the target population, type of the survey and the time of survey. For dealing the problem of non-response the population is divided into two disjoint groups of respondents and non respondents. For the stratified sampling it may be assumed that every stratum is divided into two mutually exclusive and exhaustive groups of respondents and non respondents. Hansen and Hurwitz (1946) presented a classical non-response theory which was first developed for the survey in which the first attempt was made by mailing the questionnaires and a second attempt was made by personal interview to a sub sample of the non respondents. They constructed the estimator for the population mean and derived the expression for its variance and also worked out the optimum sampling fraction among the non respondents. El-Badry (1956) further extended the Hansen and Hurwitz's technique by sending waves of questionnaires to the non respondent units to increase the response rate. The generalized El-Badry's approach for different sampling design was given by Foradari (1961) . Srinath (1971) suggested the selection of sub samples by making several attempts. Khare (1987) investigated the problem of optimum allocation in stratified sampling in presence of non-response for fixed cost as well as for fixed precision of the estimate. Khan et al. (2008) suggested a technique for the problem of determining the optimum allocation and the optimum sizes of subsamples to various strata in multivariate stratified sampling in presence of non-response which is formulated as a nonlinear programming problem (NLPP). Varshney et al. (2011) formulated the multivariate stratified random sampling in the presence of non-response as a multi-objective integer nonlinear programming problem and a solution procedure is developed using lexicographic goal programming technique to determine the compromise allocation. Fatima and Ahsan (2011) address the problem of optimum allocation in stratified sampling in the presence of non-response. Raghav et al. (2014) have discussed the various multi-objective optimization techniques in the multivariate stratified sample surveys in case of non-response Geometric programming (GP) is a smooth, systematic and an effective non-linear programming method used for solving problems of sample surveys and engineering design that takes the form of convex programming. The convex
FORMULATION OF THE PROBLEM
In stratified sampling the population of N units is first divided into L non-overlapping subpopulation called strata, of A more careful second attempt is made to obtain information on a random subsample of size h r out of 2 h n non respondents for the representation from the non respondents group of the sample. ( ) Assuming a linear cost function the total cost C of the sample survey may be given as: 
MOGPP FORMULATION OF SAMPLE SURVEYS PROBLEM IN PRESENCE OF NON-RESPONSE
Geometric programming always transforms the primal problem of minimizing a "posynomial" subject to "posynomial" constraints to a dual problem of maximizing a function of the weights on each constraint. Posynomial functions can be defined as polynomials in several variables with positive coefficients in all terms and the power to which the variables are raised can be any real number.
The mathematical formulation of problem (5) can be rewritten as:
and if q = 2, then
, where q is the number of functions in objective function. The above expression (6) can be expressed in the standard Primal GPP as follows:
where ( )
f n r C n C r are in the form of posynomial functions, where the posynomial function is given as: are the dual variables corresponding to the objective functions and constraints functions. The above formulated MOGPP (9) can be solved in the following two-steps:
Step 1: For the Optimum value of the objective function, the objective function always takes the form: The Multi-Objective objective function for our problem is:
where and . are normalized constants. 1, 2. ; 1, 2,..., .
Step 2: The equations that can be used for MOGPP for the weights are given below: ∑ ∑ 
FGP APPROACH IN SAMPLE SURVEYS IN PRESENCE OF NON-RESPONSE
The solution procedure to solve the problem (6) consists of the following steps:
Step 1: Solve the MOPP as a single objective problem using only one objective at a time and ignoring the others. These solutions are known as ideal solution.
Step 2: From the results of step-1, determine the corresponding values for every objective at each solution derived. With the values of all objectives at each ideal solution, pay-off matrix can be formulated as follows: 
,.
=
Step 3: The membership function for the given problem can be define as: The problem (16) has been solved with the help of steps (1-2) discuss in section (3) and the corresponding solutions * i w 0 is the unique solution to the dual constraints, it will also maximize the objective function for the dual problem. Next, the solution of the primal problem will be obtained using primal-dual relationship theorem which is given below: Primal-dual relationship theorem: If 
NUMERICAL ILLUSTRATION
A numerical example is given to demonstrate the proposed method. The values of Practically this ratio may vary from stratum to stratum and from characteristic to characteristic. Consider a population of size N = 3850 divided into four strata. The two characteristics are defined on each unit of the population and the population means are to be estimated. The available information is shown in the given 
The dual of the above problem (18) ((w +w +w +w +w +w +w +w )^(w +w +w +w +w +w +w +w )); 02  03  04  05  06  07  08   11  12  13  14  15  16  17  18 0 (positivity condition) ( ) 0 ,w ,w ,w ,w ,w ,w ; iv w ,w ,w ,w ,w ,w ,w ,w The dual of the above problem (20) is obtained as follows: 
For orthogonality condition defined in expression 21(iii) are evaluated with the help of the payoff matrix which is defined below: 
, subject to the constraints as described below: 
CONCLUSION
This paper provides a profound study of fuzzy programming for solving the multi-objective geometric programming problem (MOGPP). The problem of non-response in multivariate stratified sample survey has been formulated as MOGPP and solution obtained. The obtained solution of MOGPP is dual solution corresponding to the problem of non-response in multivariate stratified sample surveys (primal problem). Therefore next, we obtained the optimum allocation of sample sizes of respondents and non respondents with the help of dual solutions MOGPP and primal-dual relationship theorem. To ascertain the practical utility of the proposed method in sample surveys problem in presence of non-response a numerical example is also given to illustrate the procedure.
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